We study the temperature dependence of the in-plane magnetoresistance ρ ab (T ) in untwinned YBa2Cu3O 7−δ single crystals with the optimal oxygen content and with a small decit of oxygen atoms at dierent angles between the external magnetic eld 15 kOe and the ab-planes α. We found that at high temperatures in the pseudogap region external magnetic eld does not aect the ρ ab (T ) but it broadens transitional region Tc − Tc0 from 0.3 K at zero eld and α = 0 to approximately 6 K at α = 60
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• in the eld. In case of optimal doping the function ρ ab (T ) display a 3D to 2D dimensional crossover when temperature decreases from Tc to Tc0 and scaling near the Tc0 which we relate to the ux-ow and vortex-lattice melting. In the underdoped sample the vortices are eectively pinned by the random oxygen vacancies and the function ρ ab (T ) in transitional region has smooth tails without any traces of crossover and scaling.
PACS: 74.25.Fy, 74.25.Qt [1, 2] . In between there is a region of the Nernst--eect which is interpreted as a result of the vortices present well above the T c . The nature of these vortices as well as the origin of the pseudogap is a matter of hot debates so far [2] .
Contrary to the enigmatic normal properties the superconducting ones in cuprates are very much the same as in conventional layered superconductors. In particular, the Abrikosov vortices phenomenology is well understood [3] . * corresponding author; e-mail:
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The unconventional features in this phenomenology arise due to the very small atomic scale coherence length ξ and very large penetration depth λ which, in particular, makes oxygen vacancies [4] and atomic impurities [5, 6] eective pinning centers. Twins, grain boundaries, clusters of point defects also strongly pin vortices complicating thereby the exploration of the oxygen vacancies inuence on the phase state of the vortex matter in cuprates.
The layers as well produce the so called intrinsic pinning in the tilted magnetic elds.
To study the above points in a more detail we mea- 
Experimental techniques
The YBa 2 Cu 3 O 7−δ single crystals were grown in a gold crucible with the solution-melting method, with the methodology described previously [5] . The YBa 2 Cu 3 O 7−δ oxygen saturating regime leads to the tetra-ortho structural transition that in its turn results to the crystal twinning in order to minimize its elastic energy. To obtain untwinned samples, we used a special cell at 420 • C and pressure 3040 GPa, in accordance to the procedure of Giapintzakis et al. [7] . To obtain homogeneous oxygen content, the crystal was annealed again in an oxygen ow at a temperature of 420 • C for seven days.
To form electric contacts the standard four-contact scheme was used. In this, silver paste was applied onto ] −1 − T . The notations of the curves are the same as in Fig. 1 . The inset displays the curve obtained at α = 60
• . The dashed lines correspond to the asymptotes and the arrows mark the characteristic temperatures corresponding to the beginning, Tc, and the end of the superconducting transition Tc0. The TM is a vortex-lattice melting temperature at which the kink has a maximum. 
c (T − T c ) at temperatures T c and T c0 . In this, T c0 is the critical temperature of the transition in para-coherent area, determined at the point of intersection with the linear interval, approximating the so-called para-coherent area with the axis of temperature. T c is the temperature corresponding to the mean-eld critical temperature, determined as the maximum in the curves dρ ab (T )/ dT [8] . Between these asymptotes at the temperature T M there is a kink which shifts towards lower temperatures and enhances its height and width with the enhancement of the tilt angle α. [1] . In the space between the pseudogap and the dome, at hole concentration p < 0.16, the Nernst eect holds which most likely is related to the vortices of unknown nature which in some theories are related to the gauge elds of the 2D strongly correlated charge carriers of cuprates [2] .
The pseudogap regime is characterized by the linear
This regime is seen clear in Fig. 1 . Although below the T * the resistance curve in Fig. 1 bends down we cannot attribute this only to the beginning of the superconducting transition since it is well known that for smaller p the resistance curve ρ(T ) in underdoped cuprates rst upturns above ρ 0 before transition to the superconducting state at critical temperature [4] . The physics behind this behavior is unclear so far as well as many other normal properties of cuprates.
On the other hand, the superconducting properties of cuprates are more or less the same as in conventional superconductors. Because of that we can make some conclusions concerning the physics in transitional region nearby the critical temperature shown in Figs. 2   and 3 .
The broadening of the resistance in that region in external magnetic eld is caused mainly by the Abrikosov vortices. Without magnetic eld the width of transition is small ∆T c ≈ 0.3 K. In external magnetic eld in the optimally doped samples it enhances gradually up to the value ∆T c ≈ 7 K at α = 90
• as one can see in Fig. 3b . The function χ(T ) in that gure has two linear asymptotes χ(T )
c (T − T c ) nearby the T c0 and T c with β c ≈ 1 and β c0 ≈ 1/2 which means a crossover from one regime to another when temperature decreases from T c to T c0 . We argue below that this crossover can be related to the well known 3D to 2D crossover in the upper critical eld H c2 (T ) since the ratio H/H c2 (T ) determines both the ux-ow resistance ρ ff (T ) = ρH/H c2 (T ) and the Abrikosov lattice elastic moduli c ij = c ij [H/H c2 (T )], which are polynomials of this ratio [12] . It is well known that in layered superconductors in a tilted magnetic eld the function H c2 (T ) displays a 3D to 2D-dimensional crossover [13] . This crossover is a smooth transition from the linear dependence H c2 (T ) ∝ (T − T c ) just below T c , typical for the 3D samples, to the square root depen-
1/2 which holds in 2D thin layers. A nontrivial feature of this 3D to 2D crossover is that the temperature T c0 is lower than the T c . As was shown in the papers [14, 15] coordinates. The corresponding plot is given in Fig. 4 .
It really displays a scaling close to the temperature T c0 . Deviation from the optimal doping towards the underdoped region p < 0.16 brings oxygen vacancies into the ab-planes which are eective pinning centers in cuprates.
A pinned Abrikosov lattices is distorted and does not ow. The resistance in that case is due to the hopping of the vortices and 3D to 2D crossover is absent. That explains a dramatic dierence between the pictures in Fig. 2a and b.
In conclusion, we found that in optimally doped un- 
